Adult attachment and testosterone reactivity: Fathers\u27 avoidance predicts changes in testosterone during the strange situation procedure by Edelstein, Robin S. et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Faculty Publications, Department of Child, 
Youth, and Family Studies Child, Youth, and Family Studies, Department of 
3-2019 
Adult attachment and testosterone reactivity: Fathers' avoidance 
predicts changes in testosterone during the strange situation 
procedure 
Robin S. Edelstein 
Kristi Chin 
Ekjyot K. Saini 
Patty X. Kuo 
Oliver C. Schultheiss 
See next page for additional authors 
Follow this and additional works at: https://digitalcommons.unl.edu/famconfacpub 
 Part of the Developmental Psychology Commons, Family, Life Course, and Society Commons, Other 
Psychology Commons, and the Other Sociology Commons 
This Article is brought to you for free and open access by the Child, Youth, and Family Studies, Department of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty Publications, 
Department of Child, Youth, and Family Studies by an authorized administrator of DigitalCommons@University of 
Nebraska - Lincoln. 
Authors 
Robin S. Edelstein, Kristi Chin, Ekjyot K. Saini, Patty X. Kuo, Oliver C. Schultheiss, and Brenda L. Volling 
1Adult attachment and testosterone 
reactivity: Fathers’ avoidance predicts 
changes in testosterone during the  
strange situation procedure 
Robin S. Edelstein,1 Kristi Chin,1 Ekjyot K. Saini,2  
Patty X. Kuo,3,5 Oliver C. Schultheiss,4  
and Brenda L. Volling1 
1 Department of Psychology, University of Michigan, Ann Arbor, MI, USA 
2 Department of Human Development and Family Studies, Auburn University, 
Auburn, AL, USA 
3 Department of Psychology, University of Notre Dame, Notre Dame, IN, USA 
4 Department of Psychology, Friedrich-Alexander University, Erlangen, Germany 
5 Current address: Child, Youth & Family Studies, University of Nebraska–Lincoln, 
Lincoln, NE, USA  
Corresponding author — R.S. Edelstein, email  redelste@umich.edu   
Abstract 
We assessed parents’ testosterone reactivity to the Strange Situation Procedure 
(SSP), a moderately stressful parent-infant interaction task that pulls for parental 
nurturance and caregiving behavior. Parents (146 mothers, 154 fathers) interacted 
with their 1-year-old infants, and saliva samples were obtained pre- and post-task 
to assess changes in testosterone. We examined whether testosterone reactivity dif-
fered between mothers and fathers, the extent to which parents’ characteristic ap-
proaches to closeness (i.e., adult attachment orientation) contributed to testosterone 
changes, and whether any influences of adult attachment orientation were indepen-
dent of more general personality characteristics (i.e., the Big Five personality di-
mensions). Results revealed that mothers and fathers showed comparable declines 
digitalcommons.unl.edu
Published in Hormones and Behavior 112 (2019), pp 10–19. 
doi 10.1016/j.yhbeh.2019.01.009 
Copyright © 2019 Elsevier Inc. Used by permission. 
Submitted 28 April 2018; revised 11 January 2019; accepted 16 January 2019;  
published 28 March 2019.   
Edelste in  et  al .  in  Hormones  and  Behavior  1 12  (2019)      2
in testosterone during the SSP, and that these declines were attenuated among fa-
thers with a more avoidant attachment orientation (i.e., those less comfortable with 
closeness). Associations between fathers’ avoidance and testosterone reactivity were 
statistically independent of broader personality traits. Our findings provide some 
of the first evidence for short-term changes in both mothers’ and fathers’ testos-
terone in contexts that pull for nurturance. Moreover, these findings demonstrate 
that individual differences in adult attachment may play an important role in un-
derstanding such changes. We discuss possible explanations for gender differences 
in associations between adult attachment and parents’ testosterone reactivity, and 
the extent to which testosterone reactivity might be sensitive to changes in context 
for mothers versus fathers.  
Keywords: Testosterone, Parenting, Mothers, Fathers, Strange situation, Infants, 
Gender, Adult attachment, Avoidance, Personality   
1. Introduction 
Testosterone is a steroid hormone that has been linked with both ag-
gression and nurturance in the context of close relationships (van 
Anders et al., 2011; Wingfield et al., 1990). Men with lower levels of 
baseline or endogenous testosterone, for instance, report more pa-
rental investment, greater empathy in response to infant cries, and 
less aggression toward romantic partners compared to their higher 
testosterone counterparts (Fleming et al., 2002; Kaiser and Powers, 
2006; Mascaro et al., 2013; Soler et al., 2000). Fewer relevant stud-
ies have included women, but in women, lower testosterone has sim-
ilarly been linked with more positive feelings toward children (Deady 
et al., 2006) and more pro-social tendencies such as nurturance and 
empathy (Harris et al., 1996). 
Close relationship experiences that promote nurturance, such as 
partnering and parenting, can also lead to declines in testosterone over 
time. For instance, in both men and women, testosterone is typically 
lower among people in committed romantic relationships compared 
to single individuals and among parents versus non-parents (e.g., Bar-
rett et al., 2013; Edelstein et al., 2011; van Anders and Goldey, 2010). 
Longitudinal research (primarily conducted among men) suggests that 
declines in testosterone are most pronounced among people who are 
more invested in these relationships (e.g., Gettler et al., 2011b; Saxbe 
et al., 2017). Taken together, these findings point to the potential role 
of nurturant experiences in changes in testosterone over time. 
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Yet, there is considerable variability in people’s endogenous testos-
terone levels and in their testosterone responses to close relationship 
experiences (e.g., Maestripieri et al., 2010; van Anders et al., 2014), 
and much less is known about the sources of this variability. Why 
might some people show larger changes in testosterone than others as 
a function of interactions with close others? In the current study, we 
examined a predictor of testosterone reactivity that should be partic-
ularly relevant in the context of close relationships: individual differ-
ences in adult attachment orientation, or people’s characteristic ap-
proach to closeness and intimacy (Shaver and Mikulincer, 2007). We 
assessed changes in parents’ testosterone following the Strange Situa-
tion Procedure (SSP), a parent-infant interaction task that is typically 
stressful for infants and thus likely to elicit parental nurturance or 
caregiving. We were particularly interested in the extent to which par-
ents’ attachment orientations were associated with testosterone reac-
tivity and whether such associations were observed for both mothers 
and fathers. Additionally, given links between adult attachment orien-
tation and more general dimensions of personality, we also assessed 
the extent to which individual differences in attachment contributed 
unique variance to testosterone reactivity above and beyond the “Big 
Five” personality factors (i.e., neuroticism, extraversion, agreeable-
ness, openness to experience, conscientiousness, John et al., 2008). 
In the following paragraphs, we briefly describe relevant research on 
changes in testosterone as a function of nurturant interactions, as well 
as the rationale for expecting attachment-related differences in tes-
tosterone responses or reactivity to those interactions. 
1.1. Testosterone reactivity in close relationship contexts 
According to life history and evolutionary perspectives on parenting, 
there are tradeoffs with respect to the advantages of high versus low 
testosterone in mating versus parenting contexts (van Anders et al., 
2011; Wingfield et al., 1990). That is, in situations that necessitate 
or foster competition for resources, sexual partners, or social status, 
higher levels of testosterone are thought to be particularly benefi-
cial; in contrast, in situations that necessitate or foster nurturance or 
caregiving, lower levels of testosterone are thought to be particularly 
beneficial. Indeed, in both laboratory and field settings, testosterone 
Edelste in  et  al .  in  Hormones  and  Behavior  1 12  (2019)      4
tends to decrease following experiences that foster or encourage nur-
turance, whereas testosterone tends to increase following experiences 
that foster or encourage aggression, dominance or competition (see 
Edelstein and Chin, 2018; Zilioli and Bird, 2017, for review). For ex-
ample, in one laboratory study, men showed decreases in testoster-
one after listening to recorded infant cries, and declines in testoster-
one were strongest among men who reported a desire to comfort the 
infant (Storey et al., 2000). van Anders et al. (2012) further demon-
strated that men’s testosterone responses to a crying infant doll de-
pended on the quality of their interactions with that infant: Men who 
were given the opportunity to provide comfort to the doll tended to 
show decreases in testosterone following the interaction, but those 
who did not have this opportunity tended to show increases in testos-
terone, perhaps due to protective or defensive responses. Increases in 
testosterone might also have resulted from stress-related activation 
of the sympathetic nervous system and the ensuing stimulating effect 
of adrenaline on testosterone release (Sapolsky, 1987). 
Flexibility in testosterone responses to nurturant situations may 
also be adaptive in producing optimal outcomes. For instance, in a re-
cent study, fathers with lower baseline testosterone in the immediate 
postnatal period reported greater contributions to childcare compared 
to fathers with higher baseline testosterone levels (Kuo et al., 2018). 
Long-term declines in father’s testosterone have also been linked with 
better parenting outcomes (Edelstein et al., 2017; Gettler et al., 2011b), 
suggesting that such changes may be beneficial or adaptive in pro-
moting parental behavior. Much less is known about women’s testos-
terone reactivity in caregiving situations and the long-term implica-
tions of such reactivity; however, in one recent study, women similarly 
showed pre- to post-interaction declines in testosterone after provid-
ing care to a crying infant doll (Voorthuis et al., in press). 
Of note, significant pre- to post-interaction changes in testosterone 
have not generally been documented in studies in which fathers sim-
ply sat or played with their young children (e.g., Gettler et al., 2011a; 
Gray et al., 2007; Kuo et al., 2018; Storey et al., 2011). These findings 
suggest not only that the changes observed in previous research can-
not be attributed simply to the passage of time, but also that situa-
tions that pull more strongly for parental caregiving behavior, such 
as the SSP, might be necessary to elicit short-term changes in men’s 
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testosterone. In fact, in a study of parents expecting their second child, 
Kuo et al. (2016) found that fathers showed significant declines in 
testosterone after participating in the SSP with their infants. Larger 
declines in testosterone, in turn, were associated with more positive 
parenting behavior during a subsequent parent-child interaction task. 
In the current report, we use data from this sample to assess predic-
tors of testosterone reactivity during the SSP, which were not exam-
ined by Kuo et al. We also include assessments of mothers’ as well as 
fathers’ testosterone, to advance understanding of sex or gender dif-
ferences in testosterone reactivity in nurturant contexts and the pre-
dictors of such reactivity. 
Although much less is known about changes in women’s versus 
men’s testosterone as a function of caregiving, there are reasons to 
expect that mothers and fathers might show similar testosterone re-
sponses to the SSP. That is, despite relatively large sex difference in 
baseline testosterone levels, the magnitude of testosterone changes as 
a function of partnering and parenting are often similar for men and 
women (see Edelstein and Chin, 2018). For instance, as described ear-
lier, in a recent laboratory study, female undergraduate students (none 
of whom had children) showed significant declines in salivary testos-
terone after providing care to a crying infant doll (Voorthuis et al., in 
press), much like those observed among male students by (van An-
ders et al., 2012). Unfortunately, very few studies that assess changes 
in testosterone during laboratory interactions with partners or chil-
dren include both men and women. Moreover, the extent to which 
Voorthuis et al.’s findings might generalize to parents and their inter-
actions with their own children, is not yet clear; however, such find-
ings suggest that mothers as well as fathers might show declines in 
testosterone following the SSP. 
1.2. Individual differences in adult attachment orientation as predic-
tors of testosterone reactivity 
Individual differences in adult attachment are generally conceptu-
alized as a person’s position on two conceptually independent di-
mensions: attachment-related avoidance and anxiety (Brennan et 
al., 1998). Attachment avoidance is characterized by discomfort with 
closeness and intimacy, and a compulsively “self-reliant” approach 
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to relationships that emphasizes autonomy and independence over 
connectedness (Cassidy and Kobak, 1988; Wardecker et al., in press). 
Attachment anxiety is characterized by ambivalent feelings toward 
intimacy, concern about abandonment, and preoccupation with re-
lationships and relationship partners (Campbell and Marshall, 2011; 
Mikulincer et al., 2002). People who report low levels of both avoid-
ance and anxiety are considered to have a more secure (vs. insecure) 
attachment orientation. 
Importantly, individual differences in attachment are thought to 
be most relevant and are most likely to be expressed in the context 
of close relationships and under conditions of stress or threat (e.g., 
Edelstein et al., 2004; Simpson and Rholes, 2012). Further, although 
adult attachment is more often assessed in the context of romantic 
versus parent-child relationships, there are reasons to expect that 
such assessments reflect broader feelings and beliefs about relation-
ships more generally. For instance, avoidant adults report more am-
bivalence about becoming parents, and they derive less meaning and 
satisfaction from the experience of parenting (e.g., Rholes et al., 1997, 
2006). There are fewer consistent links between attachment anxiety 
(vs. avoidance) and parenting, but maternal attachment anxiety has 
been linked with postpartum declines in marital satisfaction (Rholes 
et al., 2001; Simpson et al., 2003) and with more angry/intrusive par-
enting styles (Adam et al., 2004). 
Additionally, although very few studies have assessed attachment- 
related differences in baseline testosterone levels or changes in testos-
terone, there are reasons to expect that attachment avoidance might 
be particularly relevant for understanding testosterone reactivity. Spe-
cifically, higher levels of testosterone have been linked with many 
correlates of avoidance, including poorer romantic relationship qual-
ity, a preference for short- versus long-term romantic relationships, 
and lower parental investment (Edelstein et al., 2011; Edelstein et al., 
2014; Rholes et al., 2006; van Anders et al., 2007). Attachment avoid-
ance has also been positively correlated with baseline testosterone 
levels among male undergraduate students (Sankar, 2015; Turan et 
al., 2014) and with markers of prenatal testosterone exposure (2D:4D 
digit ratio) in male and female youth (Del Giudice and Angeleri, 2016). 
We are not aware of studies linking attachment avoidance with tes-
tosterone changes or reactivity, but given that avoidant individuals 
may have higher baseline testosterone levels, and are generally less 
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psychologically reactive toward others needing care (e.g., Edelstein et 
al., 2004), we expected that avoidant parents might also show smaller 
declines in testosterone as a function of participating in the SSP. To 
our knowledge, attachment-related anxiety has not been linked with 
baseline levels of testosterone or with testosterone reactivity. Thus, 
we assessed attachment- related anxiety, given its associations with 
attachment-related avoidance and with parenting (Edelstein et al., 
2004), but we did not make predictions about associations between 
anxiety and testosterone reactivity. 
Finally, we investigated the extent to which individual differences 
in attachment contributed unique variance to differences in testoster-
one reactivity above and beyond the contribution of more general per-
sonality traits. Attachment avoidance and anxiety are generally con-
sidered distinct from other broader measures of personality, such as 
the Big Five dimensions, but both attachment dimensions are typically 
positively correlated with neuroticism and negatively correlated with 
extraversion, agreeableness, and conscientiousness (e.g., Noftle and 
Shaver, 2006). These dimensions of personality have, in turn, been 
associated with parental behavior (e.g., parental sensitivity, Belsky et 
al., 1995) and (in some cases) baseline testosterone levels (Baucom 
et al., 1985; Sellers et al., 2007; Smeets-Janssen et al., 2015; but see 
Dabbs Jr. et al., 1990). Thus, there are reasons to expect that broad 
personality dimensions assessed by the Big Five might predict testos-
terone reactivity in the context of parent-child interactions. However, 
individual differences in adult attachment tend to be more influential 
than broad measures of personality in the context of close relation-
ships (e.g., Edelstein et al., 2004; Noftle and Shaver, 2006), so we ex-
pected that parents’ attachment orientation would contribute unique 
variance to their testosterone responses over and above any contri-
butions of the Big Five personality dimensions. 
2. Method 
2.1. Overview of study design and recruitment 
Participants were part of a larger longitudinal study of changes in 
family functioning after the birth of a second child (see Kuo et al., 
2016; Volling et al., 2017, for additional details). Both mothers and 
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fathers were assessed at five time points: prenatally (during the moth-
er’s third trimester of pregnancy), and at 1, 4, 8, and 12 months fol-
lowing the infant’s birth. Women pregnant with their second child 
were recruited via advertisements and flyers posted in child care cen-
ters, local hospitals, pediatricians’ offices, childbirth education classes, 
and obstetric clinics. Once families agreed to participate (N = 241 out 
of 408 eligible), the first prenatal home visit was scheduled and the 
study was explained in greater detail with an opportunity for parents 
to ask questions prior to consenting. Families were compensated $300 
for completing all five time points. 
Measures of parents’ adult romantic attachment orientation were 
completed at the 12-month visit; measures of parents’ personality 
(i.e., the Big Five personality dimensions) were completed during 
the prenatal session. At 12 months, two laboratory visits (one each 
for mothers and fathers, counterbalanced) were conducted to as-
sess parent– infant attachment security using the Strange Situation 
Procedure (Ainsworth et al., 1978). Parents were also asked at 12 
months to participate in a hormonal substudy that involved collect-
ing saliva during the 12-month lab visits. During these visits, saliva 
samples were collected to assess changes in testosterone during the 
SSP. Each parent had the opportunity to opt in or out of this sub-
study independent of his or her partner, and the overall goals of the 
larger investigation. A total of 352 individuals (174 fathers) partici-
pated in the hormone substudy. 
2.2. Participants 
Participants in the current report include the 308 individuals (157 
fathers) who completed the measure of adult romantic attachment, 
participated in the 12-month laboratory session, and had measures of 
both pre- and post-SSP salivary testosterone available. The majority 
of individuals (91%) participated with their partner. An additional 12 
people (7 fathers) participated in the laboratory session but did not 
complete the adult attachment measure, and 32 participants (10 fa-
thers) had missing or unusable data for at least one of the testoster-
one assessments, due to errors in sample collection or assay (e.g., low 
sample volume, improperly secured collection tubes), and are not in-
cluded in this report. 
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Fathers in the current sample ranged in age from 24 to 46 years 
(M = 33.32; SD = 4.51); mothers from 20 to 41 years (M = 31.99; 
SD = 3.82). Fathers’ self-reported race/ethnicity was 87.9% Euro-
pean American, 3.8% Black or African American, 3.2% Asian or Asian 
American, 3.2% Hispanic, and 1.9% of other ethnicities. Mothers’ self-
reported race/ethnicity was 89.4% European American, 4.0% Black 
or African American, 3.3% Asian or Asian American, 2.0% Hispanic, 
and 1.3% of other ethnicities. The majority of both fathers and moth-
ers had a least a college degree (83% and 84%, respectively). Twenty-
two percent of participants reported a household income of $20,000 
to $59,999, 40% reported a household income of $60,000 to $99,999, 
and 38% reported a household income above $100,000. Participants 
had been married for 5.86 years on average (SD = 2.71). Thirty moth-
ers reported using some form of hormonal contraception (19%; 2 
mothers did not provide this information), and nine mothers reported 
being pregnant at the 12-month follow-up (6%; 13 mothers did not 
provide this information). 
The 157 participating father-infant dyads did not differ significantly 
from the recruited sample of fathers in terms of age, race/ethnic-
ity, education level, years of marriage, or infant’s gender; however, 
fathers who participated in the hormone substudy had significantly 
higher household incomes than fathers who did not participate, χ2 (3) 
= 17.60, p = .001. The 151 participating mother-infant dyads did not 
differ significantly from the recruited sample in race/ethnicity, years 
of marriage, or infant’s gender; however, mothers who participated 
in the hormone substudy had significantly higher household incomes 
than mothers who did not participate, χ2 (3) = 15.64, p = .001. Moth-
ers who participated were also somewhat older, t(239) = 1.84, p = .07, 
and had somewhat higher levels of education, χ2 (2) = 5.42, p = .07, 
than mothers who did not participate. (There were no mothers with 
less than a high school education.) 
2.3. Study protocol 
All procedures were reviewed and approved by the University of Mich-
igan Institutional Review Board. The laboratory visits were completed 
when infants were 12 or 13 months of age and order of completion 
was counterbalanced across mothers and fathers. The two laboratory 
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sessions were conducted approximately one month apart (M = 38.79 
days, SD = 11.09, range = 13–84 days), between the hours of 7:57 and 
19:27 h. Given diurnal changes in testosterone levels (Schultheiss and 
Stanton, 2009), we attempted to minimize time variation by sched-
uling visits between 13:00 and 18:00 h (34% of visits); however, we 
prioritized families’ scheduling availability due to the large number 
of visits (~ 400 across mothers and fathers) that needed to be coor-
dinated, as well as the infants’ feeding and nap schedules. We also in-
cluded time of visit as a covariate in our analyses. 
Upon arriving at the laboratory, a trained researcher explained the 
procedures for the hormone substudy. First, prior to the SSP, parents 
provided a baseline saliva sample while in the waiting room with their 
infants (who were being held, playing on the floor with toys, etc.). 
Second, parents participated with their infants in the SSP, which was 
videotaped for subsequent coding. Third, following the SSP, parents 
provided a second saliva sample (15–20 min after the first SSP sepa-
ration). Finally, parents engaged in a second interaction task, in which 
they were asked to teach their infant how to play with a variety of 
toys, which was followed by the collection of a third and final saliva 
sample. This second task and third saliva sample are not considered 
here, given our focus on changes in testosterone as a function of the 
SSP and the fact that fathers did not show significant changes in tes-
tosterone between the second and third samples (see Kuo et al., 2016, 
for additional details). 
2.4. The strange situation procedure (SSP) 
The SSP (Ainsworth et al., 1978) assesses the quality of infant– par-
ent attachment bonds through a series of separations, followed by re-
unions, that become increasingly stressful over the course of seven 
3-minute episodes (following a 1-minute introduction to the room). In-
fants typically become visibly upset during the SSP; they often search 
for their parents during the separations and seek comfort and contact 
with the parent upon reunion. During the separations, parents were al-
lowed to observe their infants through a one-way observation window, 
and could curtail the separation at their request, before returning to 
comfort their children during the reunion. As is standard practice when 
conducting the SSP, experimenters also curtailed separation episodes 
if they judged that the infant’s distress had reached extreme levels. 
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2.5. Adult attachment 
Parents’ romantic attachment orientation was assessed with the Adult 
Attachment Questionnaire (AAQ; Simpson et al., 1996). The 8- item 
avoidance subscale (αmothers = 0.83, αfathers = 0.83) reflects an individ-
ual’s discomfort with intimacy. A sample item for avoidance is, “I 
don’t like people getting too close to me.” The 9-item anxiety subscale 
(αmothers = 0.81, αfathers = 0.76) reflects an individual’s fear of abandon-
ment. A sample item for anxiety is, “Others are often reluctant to get 
as close as I would like.” Parents rated the extent to which they agreed 
with statements on both subscales, using a 7-point scale, ranging from 
1 (strongly disagree) to 7 (strongly agree). Participants responded to 
this measure based on their current thoughts and feelings in intimate 
relationships. 
2.6. Parental personality 
Parents’ personality was assessed with the Revised NEO Personality 
Inventory (NEO PI-R; McCrae and John, 1992). Participants rated the 
extent to which they agreed with each of 60 statements on a 5-point 
scale, ranging from 1 (strongly disagree) to 5 (strongly agree). Scores 
are then derived for five general dimensions of personality: neurot-
icism (sample item: “I often feel tense and jittery”; αmothers = 0.83, 
αfathers = 0.80), extraversion (sample item: “I really enjoy talking 
to people”; αmothers = 0.77, αfathers = 0.73), openness to experience 
(sample item: “I have a lot of intellectual curiosity”; αmothers = 0.79, 
αfathers = 0.76), agreeableness (sample item: “I generally try to be 
thoughtful and considerate”; αmothers = 0.78, αfathers = 0.74), and con-
scientiousness (sample item: “I am a productive person who always 
gets the job done”; α = 0.81). 
2.7. Salivary testosterone: collection and assessment 
Salivary testosterone assays are well-established, validated, and 
widely used in biobehavioral research with both men and women 
(Schultheiss and Stanton, 2009; van Anders et al., 2014). Salivary tes-
tosterone also correlates highly with free and total serum testoster-
one, although salivary measures are more sensitive to collection and 
storage artifacts compared to serum measures (Granger et al., 2004; 
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Khan- Dawood et al., 1984; Magrini et al., 1986). Numerous studies 
document links between women’s salivary testosterone and psycholog-
ically and/ or behaviorally meaningful outcomes (e.g., Edelstein et al., 
2014; Endendijk et al., 2016; van Anders et al., 2009); however, some 
have argued that salivary measures may underestimate the strength 
of testosterone- behavior associations in women (Granger et al., 2004; 
Shirtcliff et al., 2002). 
Saliva samples were collected in 50 ml polypropylene tubes (United 
Lab Plastics) and participants provided 10 ml of saliva per sample. The 
first sample served as a baseline after parents arrived in the labora-
tory (T1) and the second sample was taken 15–20 min after the first 
separation of the SSP, approximately 30–35 min after the first sam-
ple (T2). (As described above, a third saliva sample was collected but 
is not considered given our interest in changes pre- to post-SSP.) Par-
ticipants were told to refrain from eating or drinking anything but 
water for at least 30 min before the laboratory visit. Saliva collection 
was stimulated via chewing sugar-free Trident Original gum. Although 
some brands and flavors of gum can affect testosterone results, this 
particular kind of gum has been shown to have minimal effects on tes-
tosterone results compared to other kinds of gum using similar assays 
(Dabbs Jr., 1991; Granger et al., 2004). 
All samples were frozen at −20 °C until assayed. Samples were an-
alyzed by radioimmunoassay using a commercial kit from Siemens 
Healthcare that was modified for use with saliva according to pub-
lished protocol (Campbell et al., 1999). Water-based dilutions of all 
standards and controls were prepared to determine salivary testoster-
one concentrations. Samples were assayed in duplicate and the mean 
levels for each sample were utilized for analysis. Controls were used to 
assess assay reliability. Samples from the same participants were pro-
cessed in the same assay. The intra-assay coefficient of variation (CV) 
was 10.17% for fathers and 15.25% for mothers; the inter-assay CV 
was 21.22% for fathers and 20.71% for mothers. Our intra-assay CVs, 
and particularly our inter-assay CVs, are somewhat high, although 
similar values have been obtained in other samples that have assessed 
salivary testosterone in both men and women, including studies that 
find associations between women’s testosterone and other outcomes 
(e.g., Edelstein et al., 2014; Liening et al., 2010; Raisanen et al., 2018). 
Higher CVs suggest greater measurement error in our testosterone es-
timates; however, it is worth noting that such error does not appear 
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to differ notably by gender in our sample, suggesting that any gender 
differences in our findings are not clearly attributable to gender dif-
ferences in the precision of our hormone assays. It is also worth not-
ing that, for both men and women, the range of testosterone values 
that we report are very similar to those reported for samples of sim-
ilarly aged participants (e.g., Keevil et al., 2017). 
To examine changes in testosterone as a function of the SSP, we 
computed percent change scores (i.e., ((T2−T1) / T1)×100), a com-
monly used method of assessing short-term testosterone reactivity 
(e.g., Fleming et al., 2002; van Anders et al., 2012; Weisman et al., 
2014). Unlike raw difference scores, percent change scores account 
for baseline differences in hormone levels and are thus generally pre-
ferred to difference scores, which can be difficult to interpret when 
there are large individual and/or gender differences in baseline hor-
mone levels (e.g., van Anders et al., 2009). However, we also re-con-
ducted all analyses using residualized change scores (i.e., predicting 
Time 2 testosterone levels from Time 1 testosterone levels and saving 
the unstandardized residuals) and using Time 1 testosterone scores as 
a covariate. All results presented below were virtually identical when 
these alternative metrics were used. 
2.8. Statistical analyses 
The Statistical Package for the Social Sciences (SPSS, version 24) was 
used to conduct all analyses. Mean differences between parents were 
assessed using paired samples t-tests (two-tailed) and associations 
were assessed using correlations. For multivariate analyses, we used 
dyadic models that account for the interdependence between parents 
using SPSS Mixed (Kenny et al., 2006) and we report unstandardized 
beta coefficients for these analyses. 
As is standard practice in testosterone research (e.g., Carre et al., 
2014; van Anders et al., 2012), data for four participants (one father) 
with testosterone levels>3 standard deviations above the mean for 
their gender at one or both time points were excluded from further 
analyses. An additional four participants (two fathers) had testos-
terone percent change values larger than three standard deviations 
above the mean for their gender and were also excluded from further 
analyses. Thus, subsequent analyses were conducted with 300 par-
ticipants (154 fathers). 
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3. Results 
3.1. Preliminary analyses 
Descriptive statistics and correlations among the primary study vari-
ables are presented by gender in Table 1, with values for mothers pre-
sented above the diagonal and values for fathers presented below the 
diagonal. As shown in Table 1, for both mothers and fathers, testos-
terone values at Time 1 were highly correlated with those at Time 2, 
indicating significant rank-order stability in testosterone levels from 
before to after the SSP. As expected, fathers had significantly higher 
testosterone levels than mothers at both Time 1, t(132) = 27.93, p < 
.01, d = 2.42, and Time 2, t(132) = 26.33, p < .01, d = 2.28. On aver-
age, both mothers and fathers showed declines in testosterone from 
pre- to post-SSP, and there were no significant gender differences in 
the extent of testosterone change, t(132) = 1.23, p = .22, d = 0.11. At-
tachment avoidance and anxiety also did not significantly differ by 
gender, p’s > 0.28. (Analyses based on independent samples t-tests, 
which include an additional 34 parents whose partners did not par-
ticipate in the hormonal substudy, yielded virtually identical results.) 
Also as shown in Table 1, attachment avoidance and anxiety were 
significantly positively intercorrelated for mothers but not for fathers. 
Neither avoidance nor anxiety were significantly correlated with moth-
ers’ or fathers’ testosterone levels at either Time 1 or Time 2; however, 
more avoidant fathers showed smaller decreases in testosterone from 
Table 1. Descriptive statistics and correlations among primary study variables. 
 1  2  3  4  5  M  SD  Range 
Baseline T (pg/ml; Time 1)  0.14  0.81**  −0.20*  −0.03  −0.03  15.42  6.60  1.10–35.68 
Post-SSP T (pg/ml; Time 2)  0.79**  0.19*  0.33**  −0.09  0.02  12.92  6.42  1.47–28.88 
T1 – T2 Reactivity (% change)  −0.25**  0.35*  0.08  −0.10  0.06  −13.62  29.63  −76.97–83.90 
Attachment avoidance  0.01  0.11  0.20*  0.14  0.45**  3.11  0.95  1–5.88 
Attachment anxiety  −0.03  0.03  0.09  0.15  0.22*  2.52  0.95  1–6.00 
M  66.11  59.00  −9.25  3.22  2.41 
SD  20.78  19.91  18.96  0.96  0.81 
Range  18.65–124.70  20.37–133.74  −60.28–35.63  1–6.13  1–5.38 
Note. Descriptive statistics and correlations are presented above the diagonal for mothers (N = 146) and below the diagonal for fathers 
(N = 154); bolded values on the diagonal are within-couple correlations for couples in which both parents participated (N = 266). 
* p < .05
** p < .01
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Time 1 to Time 2. Also, as shown on the diagonal, attachment anxi-
ety and post-SSP testosterone levels were significantly positively in-
tercorrelated within couples. 
Correlations between the Big Five personality dimensions and key 
study variables are presented in Table 2. As shown in Table 2, for both 
mothers and fathers, there were no significant correlations between 
any of the Big Five dimensions and any of the testosterone variables; 
however, as expected, among both mothers and fathers, attachment 
avoidance was positively correlated with neuroticism and negatively 
correlated with agreeableness and extraversion. Attachment anxiety 
was also positively correlated with neuroticism and negatively corre-
lated with agreeableness among both mothers and fathers. Additionally, 
attachment anxiety was negatively correlated with conscientiousness 
and extraversion among mothers. The Big Five dimensions were also 
moderately intercorrelated with one another (not shown), with correla-
tions ranging from −0.51 to 0.35. None of the within-dyad correlations 
were statistically significant, with the exception that couples tended to 
have similar levels of openness to experience, r = 0.30, p < .01. 
Table 2. Descriptive statistics and correlations between key variables and big five person-
ality dimensions. 
 N  E  O  A  C 
Mothers (N = 146) 
Baseline T (pg/ml; Time 1)  −0.03*  −0.04  −0.01  −0.04  0.07 
Post-SSP T (pg/ml; Time 2)  −0.04  0.00  −0.07  −0.03  0.02 
T1 – T2 reactivity (% change)  −0.05  0.03  −0.12  0.01  −0.05 
Attachment avoidance  0.47**  −0.45**  0.10  −0.44**  −0.12 
Attachment anxiety  0.58**  −0.27**  0.00  −0.46**  −0.27** 
M  31.17  40.45  39.79  46.44  45.51 
SD  7.89  6.37  6.88  5.53  7.07 
Fathers (N = 154) 
Baseline T (pg/ml; Time 1)  −0.02  0.09  0.10  −0.03  0.01 
Post-SSP T (pg/ml; Time 2)  0.04  0.07  0.03  −0.04  0.05 
T1 – T2 reactivity (% Change)  0.11  −0.03  −0.09  −0.01  0.08 
Attachment avoidance  0.35**  −0.48**  −0.01  −0.32**  0.02 
Attachment anxiety  0.32**  0.00  0.02  −0.25**  −0.06 
M  27.81  40.35  40.79  44.62  44.55 
SD  7.38  6.34  6.47  5.53  6.89 
Note. N: neuroticism; E: extraversion, O: openness to experience, A: agreeableness, C: 
conscientiousness. 
* p < .05 
** p < .01  
Edelste in  et  al .  in  Hormones  and  Behavior  1 12  (2019)      16
We additionally examined several potential covariates—parents’ 
age, time since last brushing teeth, time of day, body mass index 
(BMI), infant sex, seasonality. None of these variables were signif-
icantly included in subsequent analyses. For women, we also exam-
ined oral contraceptive use and pregnancy status as potential covari-
ates, as these variables are often associated with baseline testosterone 
levels (e.g., van Anders et al., 2014). In the current study, women on 
oral contraceptives had lower testosterone levels at both time points, 
ts (142) = −3.36 and −3.64, ds = −0.71 and −0.77, respectively, ps < 
0.01, but testosterone levels did not differ by pregnancy status, ps > 
0.21. Moreover, neither was associated with or moderated associations 
with testosterone reactivity in subsequent analyses, so these variables 
were not considered further. Excluding pregnant women and those 
using hormonal contraceptives yielded a similar pattern of findings 
to those reported here. 
3.2. Multilevel models predicting testosterone reactivity 
We next conducted multilevel modeling analyses to examine: (1) the 
independent contributions of each attachment dimension to testos-
terone reactivity while controlling for time of day, (2) whether these 
associations differed by gender, and (3) whether any associations be-
tween parents’ attachment and testosterone reactivity remained sig-
nificant after accounting for broader personality constructs as as-
sessed by the Big Five. We used dyadic data analyses that account for 
the interdependence between couple members (Kenny et al., 2006); 
these models also allow for missing data, such that estimates are still 
provided for participants whose partners did not participate in the 
hormone substudy. Time of day, gender, attachment avoidance, at-
tachment anxiety, and the two-way interactions between gender and 
(1) the attachment dimensions and (2) time of day were included as 
predictors of testosterone reactivity. All continuous variables were 
mean-centered, and gender was contrast coded, such that mothers = 
1 and fathers = − 1. 
Results from this analysis, shown in Table 3, revealed a significant 
interaction between attachment avoidance and gender. Decomposing 
this interaction indicated that, consistent with the zero-order corre-
lations described earlier, avoidant fathers showed smaller declines in 
testosterone reactivity as a function of the SSP, b = 3.87, SE = 1.56, 
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t(150.35) = 2.48, p = .01; the association between mothers’ avoid-
ance and testosterone reactivity was in the opposite direction and was 
not statistically significant, b = −5.12, SE = 2.89, t(146.76) = −1.77, 
p = .08. Also consistent with the zero-order correlations, attachment-
related anxiety was not significantly associated with changes in par-
ents’ testosterone. Results were unchanged when we included part-
ner effects (e.g., fathers’ avoidance predicting mothers’ testosterone 
reactivity), and none of these partner effects were statistically signif-
icant, all ps > 0.13. Results were also virtually identical to those re-
ported here when the two-way interaction between attachment avoid-
ance and anxiety (and the three-way interaction with gender) were 
included. 
Additionally, because infants might be more distressed when ex-
periencing the SSP for the second versus first time, we included or-
der of SSP participation (first versus second session) in the analyses 
presented above, for families in which both parents participated in 
the SSP.1 Parents’ testosterone reactivity did not differ according to 
Table 3. Multilevel model predicting testosterone reactivity to the strange situation procedure. 
 b  SE (B)  t 
Intercept  −12.04  1.49  −8.06** 
Time of day  0.58  0.48  1.20 
Gender  2.13  1.42  1.50 
Attachment avoidance  −0.62  1.65  −0.38* 
Attachment anxiety  2.61  1.73  1.51 
Gender×time of day  0.49  0.47  1.04 
Gender×avoidance  4.49  1.64  2.74** 
Gender×anxiety  −1.62  1.72  −0.94 
Note. N = 300; Dependent variable is percent change in testosterone over baseline. Effects 
are reported as unstandardized regression coefficients from the final model including all 
main effect and interaction terms; Gender: −1 = women, 1 = men. 
* p < .05
** p < .01  
1. Indeed, in our sample, infants’ observer-rated distress was higher during the second com-
pared to the first SSP, b = −0.21, SE = 0.05, t(145.09) = −4.13, p < .01, and with mothers 
compared to fathers, b = −0.10, SE = 0.05, t (148.70) = −2.00, p < .05; however, infant 
distress was unrelated to any other study variables, including parents’ attachment orien-
tation and their testosterone reactivity. Moreover, including infant distress in our models 
did not change or moderate any of our study findings. Thus, in the interest of parsimony, 
this variable is not included in subsequent analyses.  
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whether they participated in the first versus second SSP with their 
infant, b = 0.58, SE = 1.50, t(134.32) = 0.38, p = .70. The interaction 
between order of participation and gender was also nonsignificant, 
b = −2.43, SE = 1.56, t(135.54) = −1.56, p = .12; however, there was 
a significant 3-way interaction between order of participation, gen-
der, and attachment avoidance, b = 3.87, SE = 1.71, t(210.84) = 2.26, 
p = .03. Decomposing this interaction revealed that, consistent with 
findings reported earlier, more avoidant fathers showed smaller de-
clines in testosterone, b = −4.14, SE = 1.72, t(127.34) = 2.40, p = .02, 
and this effect was not moderated by session order, b = 1.25, SE = 1.76, 
t (127.36) = 0.71, p = .48. For mothers, however, avoidance was as-
sociated with significantly larger declines in testosterone only if they 
participated in the first, b = −11.35, SE = −4.40, t(65) = −2.58, p = .01, 
but not the second session, b = 1.88, SE = 3.90, t(65) = 0.48, p = .63. 
We also assessed whether our effects might be driven by artifacts 
due to the timing of the laboratory assessments. We included the 
two- and three-way interactions among time of day, the attachment 
dimensions, and gender in our multilevel model. The avoidance by 
gender interaction remained statistically significant in this analysis, 
b = 4.23, SE = 1.61, t(218.73) = 2.62, p < .01, and the association be-
tween fathers’ avoidance and testosterone reactivity remained posi-
tive and statistically significant, b = 3.92, SE = 1.56, t(149.72) = 2.50, 
p = .01. The 3-way interaction among avoidance, gender, and time 
of day was statistically significant, however, b = −1.26, SE = 0.52, 
t(195.61) = −2.44, p = .02. Decomposing this interaction revealed that 
it was driven by a significant two-way interaction between avoidance 
and time of day for mothers, b = 2.50, SE = 0.94, t(141.90) = 2.66, 
p < .01, such that the negative association between mothers’ avoid-
ance and testosterone reactivity (described earlier) was statistically 
significant only earlier versus later in the day. Thus, our findings do 
not appear to be confounded by time of day artifacts. (There were also 
no significant zero-order correlations between the attachment dimen-
sions and session time for either mothers or fathers, ps > 0.14.) We 
also reconducted all analyses using residualized percent changes in 
testosterone scores that controlled for time of day (rather than includ-
ing time of day as a variable in our analyses). All results were virtu-
ally identical, again suggesting that our results were not driven by ar-
tifacts due to session timing. 
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Finally, to test whether parents’ attachment orientation predicted 
testosterone reactivity above and beyond the contribution of more 
general personality characteristics, we included the Big Five person-
ality dimensions in the multilevel model described above, along with 
the five two-way interactions between gender and each personality 
dimension. None of these additional predictors were statistically sig-
nificant, p’s > 0.11. Further, the gender by avoidance interaction re-
mained statistically significant with the Big Five dimensions in the 
model, b = 3.90, SE = 1.90, t(223.10) = 2.05, p = .04. Thus, the asso-
ciations between parents’ attachment avoidance and testosterone re-
activity were statistically independent of the contribution of the Big 
Five personality dimensions.2 
2. Other published reports from this dataset have linked components of parental behavior 
during the subsequent teaching task with mothers’ and fathers’ adult attachment orien-
tations (in combination with parents’ implicit affiliation and power motives, Safyer et 
al., in press) and with fathers’ testosterone reactivity during the SSP (Kuo et al., 2016). 
In the interest of completeness and transparency, we conducted additional analyses to 
examine whether parents’ testosterone reactivity during the SSP served as a mediator 
between parental attachment and positive parental behavior—a composite of parental 
sensitivity, positive regard, simulation of cognitive development, and (reverse-scored) 
intrusiveness, negative regard, and detachment—as measured and reported in Kuo et 
al. That is, can the association between parental attachment and positive parenting be-
havior during the teaching task be explained by parents’ testosterone reactivity during 
the preceding SSP? In dyadic analyses, we first examined whether parents’ attachment 
was associated with parental behavior during the teaching task: Attachment avoidance 
was unrelated to positive parenting behavior among both mothers, b = −0.39, p = .20, 
and fathers, b = 0.13, p = .65. Attachment anxiety was also unrelated to positive par-
enting behavior among mothers, b = 0.23, p = .46, but was negatively related to posi-
tive parenting among fathers, b = −1.06, p < .01. That is, more anxious fathers behaved 
less positively toward their children during the teaching task. When testosterone reac-
tivity was included in the aforementioned model, to test the proposed mediation of pa-
rental attachment and behavior by testosterone reactivity, the association between fa-
thers’ anxiety and positive parenting behavior remained significant, suggesting that this 
association was not explained by testosterone reactivity. Moreover, fathers’ testoster-
one reactivity during the SSP was negatively associated with positive parenting behav-
ior during the teaching task, b = –.03, p = .03, as has been reported previously by Kuo 
et al. (2016), suggesting that this link was not accounted for by parental attachment. 
Mothers’ testosterone reactivity was not associated with subsequent behavior, b = –.01, 
p = .42. Given that parenting behavior during the subsequent teaching task was not part 
of our a priori framework or hypotheses, we do not consider this variable further here, 
but readers may consult Kuo et al. (2016) and Safyer et al. (in press) for additional de-
tails about and analyses of parental behavior from this dataset.  
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4. Discussion 
In the current study, we assessed predictors of parents’ testosterone 
reactivity during the SSP, a stressful situation that is likely to elicit pa-
rental care and responsiveness. We were especially interested in the 
extent to which individual differences in adult attachment contrib-
uted to parents’ testosterone changes; whether associations between 
attachment and testosterone reactivity differed between mothers and 
fathers; and whether any influences of adult attachment were inde-
pendent of more general personality characteristics. Previous research 
provides evidence for short-term declines in testosterone following 
nurturant interactions, such as providing care to a crying infant (Kuo 
et al., 2016; van Anders et al., 2012); however, the vast majority of 
this research has been conducted with men and/or fathers, leaving 
open many questions about changes in women’s testosterone during 
nurturant interactions. Moreover, relatively little is known about in-
dividual differences in testosterone reactivity, that is, why some peo-
ple may show smaller or larger testosterone changes as a function of 
nurturant interactions. 
Our findings demonstrated, first, that mothers and fathers showed 
comparable declines in testosterone after participating in the SSP. To 
our knowledge, only one study has examined changes in women’s tes-
tosterone during such interactions (Voorthuis et al., in press). Voor-
thuis et al. asked undergraduate students (none of whom had children) 
to provide care to a crying infant doll, and their salivary testosterone 
was assessed pre- and post-interaction. On average, women showed 
significant declines in testosterone after providing care to the doll. 
That women were not interacting with their own children, or even a 
real infant, suggests that changes in testosterone may be a function 
of nurturance more generally as opposed to caring for one’s own child 
specifically. Of course, changes in testosterone could be larger when 
one interacts with one’s own versus another (real or simulated) child; 
this would be an interesting comparison for future research. Never-
theless, and perhaps more importantly, our findings provide evidence 
for similar patterns of testosterone change across gender in the con-
text of parent-child interactions. 
It is important to note that changes in testosterone have generally 
not been observed when parents simply sit quietly with their children 
or perform other non-nurturant tasks (e.g., Gettler et al., 2011a). In 
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fact, in our own sample, fathers showed declines in testosterone pre- 
to post- SSP but not following a subsequent teaching task (Kuo et al., 
2016). Thus, the post-SSP declines we observed are unlikely due sim-
ply to the passage of time; however, ideally, future studies could com-
pare different kinds of interactions within the same study to allow for 
stronger inferences about the effects of nurturance per se. Further, 
one limitation of our study design is that all dyads completed the SSP 
prior to the teaching task, which makes it impossible to know how 
task order may have influenced hormone reactivity. The tasks were 
ordered in this way to maintain the consistency of the SSP as a mea-
sure of parent-infant attachment, and because the teaching task gave 
dyads an opportunity to have a more positive, and less stressful, in-
teraction before leaving the lab. However, we cannot rule out the pos-
sibility that parents might have shown changes in testosterone fol-
lowing the teaching task if they had participated in that task at the 
beginning of the laboratory session. 
To our knowledge, our study is the first to assess both mothers’ 
and fathers’ testosterone reactivity to the same nurturance task in the 
same study. One advantage of this approach is that mothers and fa-
thers interacted with the same infant, thus holding at least some as-
pects of this interaction constant. One disadvantage of this approach 
is that couples’ attachment orientations and physiology may not nec-
essarily be independent, and in fact our preliminary analyses sug-
gested some concordance between couple members’ attachment anx-
iety and testosterone levels. We did not find that parents’ hormone 
changes were significantly intercorrelated, however, including in dy-
adic analyses that accounted for the interdependence between cou-
ple members. These findings suggest that parents’ responses to the 
SSP may have been fairly independent, at least in terms of testoster-
one reactivity. 
Our findings also extend prior research on parents’ testosterone re-
activity by examining predictors of testosterone changes during the 
SSP. We specifically focused on individual differences in adult attach-
ment, which have been associated with parental behavior in stress-
ful or nurturance-eliciting situations and with baseline hormone lev-
els. Specifically, higher levels of attachment avoidance, or discomfort 
with closeness, have been linked with less responsive caregiving in 
stressful contexts (e.g., Edelstein et al., 2004) and with higher levels 
of baseline testosterone (e.g., Turan et al., 2014). These findings led 
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us to predict that more avoidant parents would show smaller declines 
in testosterone following the SSP. This hypothesis was confirmed for 
fathers but not for mothers: Fathers who reported higher levels of at-
tachment avoidance showed smaller pre- to post-SSP declines in tes-
tosterone. Among mothers, attachment avoidance was, if anything, 
associated with larger declines in testosterone, although these associ-
ations were statistically significant only when infants participated in 
the SSP with mothers before fathers or earlier in the day. Attachment 
anxiety, or concern about abandonment, was not significantly asso-
ciated with testosterone reactivity among either mothers or fathers. 
Why might avoidance be more strongly associated with testos-
terone reactivity in fathers versus mothers? Perhaps the SSP is a 
more novel scenario for fathers than for mothers, in that mothers 
are more often in the role of primary caretaker and are more often 
socialized to play caregiving roles (Eagly and Wood, 1999). Indeed, 
in our sample, couples reported that mothers spent more time on 
childcare relative to fathers (Kuo et al., 2016).3 Thus, the SSP may 
have been less stressful for avoidant mothers than for avoidant fa-
thers, and therefore, less likely to activate avoidant defensive behav-
iors, which could ultimately influence testosterone reactivity. That 
mothers’ avoidance predicted testosterone reactivity only when in-
fants participated in the SSP for the first time further suggests that 
something about the novelty of the situation may have contributed 
to these effects. Unfortunately, we did not measure parents’ distress 
or emotional responses during this procedure, but future research 
could test this possibility by examining parents’ self-reported or be-
havioral expressions of distress during the SSP. It is also worth not-
ing that parents’ attachment anxiety and avoidance were unrelated 
to infants’ observer-rated distress during the SSP, suggesting that 
children did not respond differently to the SSP as a function of their 
parents’ attachment orientations. Moreover, as discussed earlier, on 
3. Our measure of division of infant care was based on a joint task in which parents were 
asked to come to an agreement about the proportion of infant care done by each parent. 
Mothers and fathers in our study agreed that mothers did more infant care than fathers; 
however, division of infant care was not significantly associated with parents’ attachment 
or their testosterone reactivity during the SSP. Further, when division of infant care was 
included in our analyses, it was not a statistically significant predictor of testosterone re-
activity, and did not moderate any of our findings. It is worth noting, however, that this 
measure does not strictly assess the amount of time that parents spend with their children, 
but rather the relative proportions of child care engaged in by each parent.   
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average, mothers and fathers showed comparable declines in testos-
terone following the SSP, so it is unlikely that mothers on the whole 
responded differently than fathers to this procedure (at least with 
respect to this neuroendocrine measure). 
Future research might also assess parents’ observable behavior 
during the SSP or other kinds of stressors to examine whether more 
avoidant mothers and fathers differ in how they interact with their 
children and the extent to which such differences contribute to the 
differences in testosterone reactivity that we observed here. As noted 
earlier, van Anders et al. (2012) found that (male) participants who 
had the opportunity to comfort a crying doll showed declines in tes-
tosterone following their interaction with the doll; however, partici-
pants who could not comfort the doll showed increases in testosterone. 
Perhaps more avoidant fathers felt less confident in their abilities to 
comfort their infants, in general, and during the SSP, potentially lead-
ing to smaller declines in testosterone as a function of this interaction. 
Recent findings in fact suggest that individual differences in tes-
tosterone and testosterone variability may be differentially correlated 
with parental behavior for mothers versus fathers: Endendijk et al. 
(2016) examined diurnal changes in mothers’ and fathers’ testosterone 
in relation to parental behavior during a play task with their young 
children. For fathers, greater testosterone variability (i.e., sharper de-
clines in testosterone from the morning to the evening assessment) 
was associated with greater sensitivity toward children and greater 
respect for their autonomy during the play task. Findings for moth-
ers were in the opposite direction: greater testosterone variability was 
associated with less sensitivity and less respect for children’s auton-
omy. Moreover, among mothers, higher evening testosterone levels 
predicted more sensitive parenting during the play session. Endendijk 
et al. (2016) speculate that these differences might reflect the differ-
ent evolutionary tradeoffs between parenting and mating/competi-
tion that may be salient for mothers versus fathers, such that fathers 
may benefit more from flexibility in testosterone responses when in-
teracting with young children (versus, for instance, competing for re-
sources at work). Further research is needed to understand the extent 
to which these differences might contribute to individual differences 
in testosterone reactivity during naturalistic stressors such as the SSP, 
and particularly whether they may impact the experiences of avoid-
ant mothers versus fathers. 
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It is also important to note, however, that measurement issues may 
have contributed to the gender differences that we observed here. As 
is typical of salivary testosterone research, in our study women’s tes-
tosterone was more restricted in range compared to men’s. Moreover, 
salivary assay measurement error is typically larger for the lower (fe-
male) range of testosterone measurements than for the higher (male) 
range. And finally, although we used a chewing gum to stimulate saliva 
flow that has not interfered with testosterone measurement in past re-
search (Dabbs Jr., 1991), its use has not been validated specifically for 
the assay we employed in our study. These factors can increase mea-
surement error in women’s compared to men’s salivary testosterone, 
which may have made it more difficult for us to observe associations 
between testosterone and other variables in mothers versus fathers. 
Further research that includes other kinds of nurturant tasks and/
or other neuroendocrine markers might also help to shed light on 
these gender differences. For instance, there is some evidence that 
avoidant women show smaller increases in estradiol (a steroid hor-
mone associated with bonding and caregiving) after viewing emotion-
ally intimate stimuli (Edelstein et al., 2012). Perhaps other hormones, 
such as estradiol, are more closely linked with women’s attachment 
avoidance in nurturant contexts. It is also possible that more intimate 
tasks, such as emotional parent-child conversations, would be more 
likely to elicit changes in avoidant women’s hormones. Research on 
the dual-hormone hypothesis further suggests that associations be-
tween testosterone and behavior might be most pronounced or ob-
servable when baseline levels of cortisol are relatively low (see Mehta 
and Prasad, 2015). In the current study, therefore, it is possible that 
changes in testosterone might have been dampened among parents 
who experienced increases in cortisol during the SSP. Moreover, in-
sofar as cortisol changes are linked with individual differences in at-
tachment and/or gender, such changes could have contributed to the 
gender differences we observed here (e.g., Beck et al., 2013). Future 
studies might therefore include more diverse assessments of neuro-
endocrine reactivity and observations of mothers and fathers in dif-
ferent nurturant and emotional contexts. 
Our findings additionally demonstrated that attachment avoidance 
predicted testosterone reactivity independently of any associations 
between these variables and more general personality dimensions as 
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assessed by the Big Five. Broad personality traits, such as extraver-
sion and agreeableness, have been linked with individual differences 
in adult attachment and parental behavior (e.g., Belsky et al., 1995), 
and in some cases with baseline testosterone levels (e.g., Baucom et 
al., 1985), suggesting that it may be important to account for these 
variables in analyses of parents’ testosterone reactivity. In the cur-
rent study, however, none of the Big Five personality dimensions were 
significantly correlated with baseline testosterone levels or with tes-
tosterone reactivity among either mothers or fathers. Moreover, al-
though these personality variables were associated with avoidance 
and anxiety in expected ways, our main findings were unchanged 
when the personality variables were included in regression analy-
ses. Thus, at least in the current study, we found very little evidence 
for links between parents’ testosterone and more general personal-
ity characteristics. 
Of course, our findings should be interpreted in the context of the 
unique characteristics of our sample. For instance, all of the children 
in our sample had older siblings. To the extent that second-time par-
ents are older and more experienced, more confident in their parent-
ing skills, and/or limited in the time they have to spend with any in-
dividual child compared to first-time parents, our findings may not 
extend to first-time parents. Further, our findings may also not gen-
eralize to or be replicated using younger, college-age, non-parent pop-
ulations interacting with simulated infant dolls, and this is an areas 
worthy of further investigation. The families in our sample were also 
married heterosexual couples, largely of European American descent, 
and generally of relatively high socio-economic status (as indexed by 
average levels of education and income), so it will be important for 
future research to assess the extent to which our findings generalize 
to other demographic groups. 
Despite these limitations, our findings demonstrated that mothers 
and fathers showed similar patterns of testosterone reactivity during 
the SSP, a stressful parent-child interaction that pulls for nurturance 
(Kuo et al., 2016). We additionally shed light on a potentially impor-
tant predictor of such changes, particularly for fathers, in that more 
avoidant fathers showed smaller declines in testosterone during the 
SSP. These associations were independent of more general person-
ality characteristics, suggesting that individual differences in adult 
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attachment orientations make a unique contribution to understand-
ing parents’ hormone changes. Future research might benefit from fo-
cusing on other kinds of nurturant interactions, additional hormones, 
and more diverse samples of parents.  
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